We demonstrate the generation of polarization entangled Bell states at room temperature and telecom wavelength on a 3-5 semiconductor chip. A theoretical model provides ways to understand and control the amount of entanglement.
Introduction
In these last years, a great deal of effort has been devoted to the miniaturization of quantum information technology on semiconductor chips and in this context photonic components are likely to play a central role [1] . In the context of photon pair sources, the bi-exciton cascade of a quantum dot [2] and the four-wave mixing in Silicon waveguides [3] have been used to demonstrate the generation of entangled states. Spontaneous parametric down-conversion in III-V semiconductor waveguides combines the advantages of room temperature and telecom wavelength operation, while keeping open the possibility of electrically pumping of the device [4] .
Discussion
Here we present a source consisting of a multilayer AlGaAs waveguide grown on a GaAs substrate and then chemically etched to achieve lateral confinement in a ridge. The structure design is such that a pump beam (around 775 nm), impinging on the surface of the waveguide with an incidence angle θ, generates two counterpropagating orthogonally polarized beams (around 1550 nm). The waveguide core is surrounded by distributed Bragg reflectors to enhance the pump field [5] . In this geometry, two equally probable interactions occur: in the former (interaction 1), the guided mode copropagating with the z component of the pump beam (signal mode) is TE polarized and the counterpropagating one (idler mode) is TM polarized; in the latter (interaction 2), the reverse occurs (Fig1). The source has an efficiency of about 10 -11 and a spectral linewidth of 0.3 nm for a 1 mm long sample.
In this work we demonstrate the emission of polarization entangled photons: the sample is pumped with a Ti:Sapphire laser (3.5 ps, 100 kHz rep. rate, mean power 3 mW) impinging on top of the ridge at the two angles corresponding to frequency degeneracy of interaction 1 and 2. The generated entanglement is quantified by performing a quantum tomography measurement and by deriving the two-photon density matrix [6] presented in Fig. 2 . Most common entanglement witnesses are satisfied (concurrence C = 0.61 (>0), entanglement of formation E F = 0.48 (>0), tangle T = 0.37 (>0)).
A raw fidelity of 0.8 to the Bell state HV + e iϕ VH ( ) is obtained [7] . A theoretical model, taking into account the experimental parameters, provides ways to understand and control the amount of entanglement. 
Conclusion
We have demonstrated the first III-V semiconductor source of entangled photons at room temperature. These results open the route to the demonstration of other interesting features of our device such as the generation of hyperentangled or, conversely, spectrally separable and thus purely polarization entangled states via the control of the frequency correlation degree through the spatial and spectral pump beam profile [8] , leading to a new generation of versatile and completely integrated devices for quantum information.
